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BACKGROUND OF THE INVENTION 

Field of the Invention 

The present invention relates generally to the field of fuel cells, and more specifi- 
cally, to a simplified direct oxidation fuel cell device containing a direct oxidation fuel 
cell stack with a fuel container, fuel delivery and reaction product release system. 

Background Information 

Fuel cells are devices in which electrochemical reactions are used to generate 
electricity. A variety of materials may be suited for use as a fuel depending upon the 
materials chosen for the components of the cell. Organic materials, such as methanol or 
natural gas, are attractive choices for fuel due to their high specific energy. 

Fuel cell systems may be divided into "reformer-based" systems (i.e., those in 
which the fuel is processed in some fashion to extract hydrogen from the fuel before it is 
introduced into the fuel cell system) or "direct oxidation" systems in which the fuel is fed 
directly into the cell without the need for separate internal or external processing. Most 
currently available fuel cells are reformer-based fuel cell systems. However, because fuel 
processing is expensive and requires significant volume, reformer based systems are 
presently limited to comparatively high power applications. 

Direct oxidation fuel cell systems may be better suited for a number of applica- 
tions in smaller mobile devices (e.g., mobile phones, handheld and laptop computers), as 
well as in some larger applications. Typically, in direct oxidation fuel cells, a carbona- 
ceous liquid fuel in an aqueous solution (typically aqueous methanol) is applied to the 
anode face of a membrane electrode assembly (MEA). The MEA contains a protoni- 
cally-conductive but electronically non-conductive membrane (PCM). Typically, a 
catalyst which enables direct oxidation of the fuel on the anode is disposed on the surface 
of the PCM (or is otherwise present in the anode chamber of the fuel cell). Protons (from 
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hydrogen found in the fuel and water molecules involved in the anodic reaction) are sepa- 
rated from the electrons. The protons migrate through the PCM, which is impermeable to 
the electrons. The electrons thus seek a different path to reunite with the protons and 
oxygen molecules involved in the cathodic reaction and travel through a load, providing 
electrical power. 

One example of a direct oxidation fuel cell system is a direct methanol fuel cell 
system or DMFC system. In a DMFC system, methanol in an aqueous solution is used 
as fuel (the "fuel mixture"), and oxygen, preferably from ambient air, is used as the oxi- 
dizing agent. There are two fundamental reactions that occur in a DMFC which allow a 
DMFC system to provide electricity to power consuming devices: the anodic disassocia- 
tion of the methanol and water fuel mixture into C02, protons, and electrons; and the 
cathodic combination of protons, electrons and oxygen into water. The overall reaction 
may be limited by the failure of either of these reactions to proceed to completion at an 
acceptable rate (more specifically, failure to oxidize the fuel mixture will limit the ca- 
thodic generation of water, and vice versa). A common problem with DMFCs, is that 
some methanol may pass through the membrane, from the anode portion of the fuel cell 
to the cathode chamber of the fuel cell without reacting. This phenomenon, known as 
methanol crossover, may be limited by introducing a dilute aqueous methanol solution as 
fuel, rather than a concentrated solution. 

Fuel cells and fuel cell systems have been the subject of intensified recent devel- 
opment because of their ability to efficiently convert the energy in carbonaceous fuels 
into electric power while emitting comparatively low levels of environmentally harmful 
substances. The adaptation of fuel cell systems to mobile uses, however, is not straight- 
forward because of the technical difficulties associated with reforming the complex car- 
bonaceous fuels in a simple, cost effective manner, and within acceptable form factors 
and volume limits. Further, a safe and efficient storage means for substantially pure hy- 
drogen (which is a gas under the relevant operating conditions) presents a challenge be- 
cause hydrogen gas must be stored at high pressure and at cryogenic temperatures or in 
heavy absorption matrices in order to achieve useful energy densities. It has been found, 
however, that a compact means for storing hydrogen is in a hydrogen rich compound 
with relatively weak chemical bonds, such as methanol or an aqueous methanol solution 
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(and to a lesser extent, ethanol, propane, butane and other carbonaceous liquids or aque- 
ous solutions thereof). 

In particular DMFCs are being developed for commercial production for use in 
portable electronic devices. Thus, the DMFC system, including the fuel cell, and the 
components may be fabricated using materials that not only optimize the electricity- 
generating reactions, but which are also cost effective. Furthermore, the manufacturing 
process associated with those materials should not be prohibitive in terms of labor inten- 
sity cost. 

A typical MEA includes a centrally disposed protonically conductive, electroni- 
cally non-conductive membrane ("PCM"). One example of a commercially available 
PCM is Nafion ® (a registered trademark of E.L Dupont de Nemours and Company), a 
cation exchange membrane comprised of perflorocarbon polymers with side chain ter- 
mini of perflourosulfonic acid groups, in a variety of thicknesses and equivalent weight. 
The PCM is typically coated on each face with an electrocatalyst such as platinum, or 
platinum/ruthenium mixtures or alloy particles. On either face of the catalyst coated 
PCM, the electrode assembly typically includes a diffusion layer. The diffusion layer 
functions to evenly distribute the liquid fuel mixture across the anode in the case of the 
fuel, or the gaseous oxygen from air or other source across the cathode face of the PCM. 
In addition, flow field plates are often placed on the surface of the diffusion layers that 
are not in contact with the coated PCM. The flow field plates function to provide mass 
transport of the reactants and by products of the electrochemical reactions, and they also 
have a current collection functionality in that the flow field plates act to collect and con- 
duct electrons to the external wires connecting to the load. 

Direct methanol fuel cell systems typically employ an active management scheme 
to manage the reactants and byproducts in the direct methanol fuel cell including pump- 
ing or otherwise causing fuel mixtures, byproducts and reactants to be circulated 
throughout the fuel cell system. However, actively managing these reactants and by- 
products can involve the use of pumps and flow channels or conduits. In a small hand- 
held device, in which DMFCs have great potential application, parasitic power losses and 
volume consumed due to pumps and other devices can be relatively large when compared 
to the overall power output and volume of a small unit. Thus, it is desirable to avoid us- 

3 

WCHEETAH\VOLl\CLIENTS\107\044\0013\finaIpatapp.doc 02/19/02 4:37 PM 



PATENT 
107044-0013 

ing extra pumps, valves and components that consume power or occupy volume within 
the system. Moreover, such additional components can result in a greater manufacturing 
and production expense, particularly when those products are going to be manufactured 
in commercial quantities. In addition, the additional complexity involved in active man- 
agement of the gases and fluids within the system create a bulky system which can pres- 
ent difficulties with conforming with requisite form factors and space constraints associ- 
ated with small hand-held devices. 

It is thus critical to minimize the complexity and volume of such systems and it is 
also important to reduce the cost and complexity of manufacturing in large-scale produc- 
tion. 

In addition to systemic considerations, it is important to maximize the efficiency 
of the fuel cell by minimizing certain phenomena associated with DMFCs, as known to 
those skilled in the art. One goal is to minimize undesirable methanol crossover, which 
occurs where more methanol than necessary is delivered to the anode side of the fuel cell, 
and passes through to the cathode without producing electricity, thus wasting fuel and 
generating unnecessary heat. In addition, it is also desirable to avoid a buildup of 
cathodically generated water on the cathode diffusion layer, in order to prevent flooding 
of the cathode catalyst, thus halting the cathodic half reaction, resulting in performance 
losses. 

There remains a need for a direct oxidation fuel cell system, which includes the 
ability to adjust the amount of methanol, which is presented to the anode in order to avoid 
excessive amounts of unreacted fuel in the cell. In addition, there remains a need for 
simplified cell geometry and simple mechanisms for flow adjustment to achieve system 
simplicity and reliability and facilitate large-scale production of such systems for mass 
manufacturing. 

It is thus an object of the present invention to minimize the loss of methanol and 
water via crossover and carryover by controlling the introduction of those fluids into the 
system in the first place, and to present a very simple fuel delivery system which in- 
creases net power provided to the load due to the minimization of parasitic losses that are 
suffered in more complex systems with more active flow of liquid(s). This type of pas- 
sive direct methanol fuel cell system operation is also facilitated by the separation of 

4 

WCHEETAH\VOLl\CLIENTS\107\044\0013\finalpatapp.doc 02/19/02 4:37 PM 



PATENT 
107044-0013 

gaseous carbon dioxide within the fuel cell, thus eliminating the requirement for at least 
one pump within the DMFC system. 

SUMMARY OF THE INVENTION 

These and other advantages are provided by the present invention in which a sim- 
plified direct oxidation fuel cell system is provided. In one embodiment of the invention, 
the fuel cell includes a membrane electrode assembly which has a gas permeable layer 
disposed generally parallel to the anode face of the membrane electrode assembly. The 
gas permeable layer includes a gas-permeable material, disposed generally parallel to, 
and in close proximity to, an anode diffusion layer, and it removes the C02 gas generated 
in the anoxic reaction, and separates it away from the anode compartment. The C02 is 
thus simply vented out of the system, preventing accumulation, which may hinder the 
anode reaction. 

In addition, a fuel delivery assembly coupled with an associated fuel source has a 
pressure-applying member that places the fuel mixture under pressure and thus delivers 
fuel to the anode. Thus, as the electricity generating reactions occur, the combination of 
the C02 separation and the fuel being consumed creates a void in the anode compart- 
ment. The void created is immediately filled with fresh fuel from the pressurized fuel 
cell delivery system. In this manner, only the amount of fuel that has been consumed is 
added, thereby avoiding the need to recirculate unreacted fuel back into the fuel cell sys- 
tem. This also minimizes or eliminates the needs for pumps and valves, and other recir- 
culation devices In accordance with another aspect of this embodiment of the invention, 
there is essentially no recovery of liquid water from the cathode face of the fuel cell, and 
no recirculation of water. This further simplifies the DMFC system. The anode fluid re- 
circulation is required, as revealed in previous patents for an active DMFC system design 
including, but not limited to those described in US Patents 5,599,638; 5,992,008; and 
5,945,23 1 , in order to vent the C02 and control the methanol concentration in such an 
active system design. 
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In accordance with yet a further aspect of the invention, a fuel cell system is de- 
scribed which includes a fuel delivery assembly in which different components deliver 
fuel and water from discrete sources into the fuel cell. Pure methanol or a concentrated 
methanol solution is held in one chamber, and water, or a more dilute methanol solution 
is held in another chamber. The chambers are preferably flexible bladders under pres- 
sure, but may, under certain circumstances, be rigid-walled containers. A first inner 
container disposed within an outer housing holds the fuel solution, and a fuel conduit 
leads from that first inner container to the fuel cell. A second inner container, which is 
also disposed within the outer housing holds water to be mixed with the fuel. A water 
conduit leads from the second container to the fuel cell. A mixing assembly includes a 
connection that routes the fuel conduit into the water conduit, thus causing the water and 
methanol to mix. Alternatively, the mixing assembly routes the water conduit into the 
fuel conduit, thus causing the water and fuel to mix. Alternatively, a mixing chamber can 
be included into which the fuel conduit and water conduit lead; and once mixed, the sub- 
stances are distributed in the desired concentration to the fuel cell, typically to the diffu- 
sion layer of the anode of the fuel cell. 

In accordance with another aspect of this embodiment of the invention, fuel solu- 
tion and water are delivered to the fuel cell by separate flow channels, and the mixing 
process occurs directly upon the anode diffusion layer, prior to being introduced to the 
anode catalyst on the protonically conductive membrane. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention description below refers to the accompanying drawings, of which: 

Fig. 1 is a block diagram of a prior art direct oxidation fuel cell system; 

Fig 1 A is a block diagram of a direct methanol fuel cell system in which the pres- 
ent invention may be employed; 

Fig. 2 is a schematic cross section of one embodiment of the membrane electrode 
assembly (MEA) of the present invention, which includes an anode gas permeable layer 
in intimate contact with the anode diffusion layer; 
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Fig. 3 is a top plan view of the gas separation layer of the present invention, with 
fuel flow path systems incorporated therein; 

Fig. 4 is a schematic side section of the gas separation layer embodiment of the 
present invention, which allows carbon dioxide to be separated while being impermeable 
to the fuel solution; 

Fig. 5 is a schematic cross section of a further embodiment of the invention in 
which a gas permeable, fluid impermeable membrane is placed in close proximity to the 
anode surface to allow carbon dioxide gas to be vented out of the system; 

Fig. 6 is an alternative embodiment of the device of Fig. 5 in which a second fuel 
inlet is added to the system to allow for high concentration methanol to be delivered to a 
first inlet and low concentration to be delivered to a second inlet; 

Fig. 6A is an isometric illustration of an anode chamber having a gas permeable 
wall portion, in accordance with one aspect of the invention; 

Fig. 6B is the device of Fig. 6A with gas permeable material comprising a differ- 
ent aspect of the anode chamber; 

Fig. 7A is a schematic cross section of one embodiment of a direct methanol fuel 
delivery assembly in accordance with the present invention which contains separate blad- 
ders for fuel and water; 

Fig. 7B is an alternative embodiment of the device of Fig. 7A; 

Fig. 8 is another embodiment of the fuel container and delivery apparatus of the 
present invention in which the fuel solution and water are in separate fuel bladders and 
have conduits, which lead into a mixing chamber for mixing the fuel and water; 

Fig 9 is an alternative embodiment of the fuel container and delivery apparatus in 
which the separate conduits for fuel and water lead directly to the diffusion layers of the 
fuel cell; and 

Fig 10 is a side section of the device of Fig. 9 with the conduits shown contiguous 
to the anode diffusion layer, in accordance with the present invention. 
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DETAILED DESCRIPTION OF AN ILLUSTRATIVE 

EMBODIMENT 

For a better understanding of the invention, the components of a direct oxidation 
fuel cell system, a direct oxidation fuel cell and the basic operation of a typical direct 
oxidation fuel cell system, as is understood in the prior art, will be briefly described. A 
prior art direct oxidation fuel cell system 2 is illustrated in Fig. 1. The fuel cell system 2 
includes a direct oxidation fuel cell, which may be a direct methanol fuel cell 3 
("DMFC"), for example. For purposes of illustration we herein describe an illustrative 
embodiment of the invention with DMFC 3, with the fuel substance being methanol or an 
aqueous methanol solution. It should be understood, however, that it is within the scope 
of the present invention that other fuels may be used in an appropriate fuel cell. Thus, as 
used herein, the word "fuel" shall include methanol, ethanol, propane, butane or combi- 
nations thereof and aqueous solutions thereof, and other hydrocarbon fuels amenable to 
use in direct oxidation fuel cell systems. 

The system 2, including the DMFC 3, has a fuel delivery system 4 to deliver fuel 
from an associated fuel source. The DMFC 3 includes a housing 5 that encloses a mem- 
brane electrode assembly 6 (MEA). MEA 6 incorporates protonically conductive, elec- 
tronically non-conductive membrane 7. PCM 7 has an anode face 8 and cathode face 10, 
each of which may be coated with a catalyst, including but not limited to platinum or a 
blend of platinum and ruthenium or a platinum/ruthenium alloy. The catalyst may be 
supported or unsupported, or dispersed within a recast ionomer blend. The portion of 
DMFC 3 defined by the housing 5 and the anode face of the PCM is referred to herein as 
the anode chamber 1 8. The portion of DMFC 3 defined by the housing and the cathode 
face of the PCM is referred to herein as the cathode chamber 20. Additional elements of 
the direct methanol fuel cell system such as flow field plates, and diffusion layers (not 
shown in Figure 1) may be employed to facilitate flow of reactants and byproducts and 
may also be included within anode chamber 18 and cathode chamber 20. 

Referring now to Fig. 2, a membrane electrode assembly 6 has the centrally dis- 
posed, protonically-conductive membrane (PCM) 7. PCM 7 is impermeable to electrons 
and thus the electrons travel through the load providing electrical power. The PCM 7 is 
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composed of a suitable material, such as poly perfluorovinylether sulfonic acid (which is 
commercially available as NAFION ® a registered trademark of E.L Dupont de Nemours 
and Company). A catalyst 10, typically platinum or an alloy of platinum and ruthenium, 
is disposed between the anode diffusion layer 22 and PCM 7. A cathode catalyst 12, 
typically platinum, is also disposed between the cathode diffusion layer 24 and the PCM 
7. The anode diffusion layer 22 would, in turn be in contact with an anode flow field 
plate 26. In some embodiments of the invention the flow field plate 26 and diffusion 
layer 22 may consist of one component. A cathode diffusion layer 24 is in contact with 
cathode flow field plate 28. These components of the fuel cell are in well-defined contact 
with one another to promote electrical conductivity, and minimize contact losses. As will 
be understood by those skilled in the art, the MEA need not be a six layer device, but can 
contain fewer components when the functionality of several components are combined. 

Furthermore, as will be understood by those skilled in the art, electricity- 
generating reactions occur when a fuel substance is introduced to the anode face 8 of the 
PCM 7, and oxygen, usually supplied through the introduction of ambient air, is intro- 
duced to the cathode face 10 of the PCM 7. More specifically, a carbonaceous fuel sub- 
stance is delivered to the anode chamber 18 of the DMFC 3. The fuel mixture passes 
through channels in a flow field plate and/or a diffusion layer that is discussed in further 
detail herein, and is ultimately presented to the catalysts. Catalysts on the membrane sur- 
face, or which are otherwise present near the membrane surface, enable the direct oxida- 
tion of the carbonaceous fuel on the anode face of the PCM. This generates C02, protons 
and electrons from the fuel and water molecules of the fuel mixture. Upon the closing of 
an external circuit, these protons pass through PCM 7, which is impermeable to electrons. 
The electrons reunite with the protons and oxygen in the cathodic electrochemical reac- 
tion after traveling through a load 21 of the external circuit, thus providing the electrical 
power to the load. As long as the chemical reactions continue, a current is maintained 
through the external circuit. 

In accordance with the present invention, a passive DMFC system is provided in 
which the fuel is delivered to the MEA 6 in such a manner that the fuel delivered is ef- 
fectively consumed so that there is no need to recirculate unreacted fuel from the anode. 
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This is possible based upon several aspects of the present invention. As will be under- 
stood by those skilled in the art, direct methanol fuel cells produce liquid water (H20) at 
the cathode and gaseous carbon dioxide (C02) at the anode as chemical products of the 
reaction. Prior systems, such as those set forth in Fig. 1, and in U.S. Patent 5,599,638, 
separate carbon dioxide produced in the anodic reaction out of the system to ambient air, 
by circulating any unreacted fuel mixture and carbon dioxide carried within it through 
gas separators located outside the fuel cell anode chamber, or allowing the carbon dioxide 
to be vented passively directly to the ambient environment at a vent located outside the 
fuel cell anode chamber, based on the tendency of gasses in a liquid solution to rise. Al- 
ternatively, the carbon dioxide may be used to perform work within the system. Such 
systems have been described in commonly-owned U.S. Patent Application Serial No.: 
09/717,754, filed on November 21, 2000, for a PASSIVELY PUMPED LIQUID FEED 
FUEL CELL SYSTEM, which is incorporated by reference herein in its entirety. 

Another method of utilizing the carbon dioxide is described in U.S. Patent Appli- 
cation Serial No.: 09/837,83 1, filed on April 18, 2001, for a METHOD AND 
APPARATUS FOR C02 - DRIVEN MANAGEMENT FOR A DIRECT OXIDATION 
FUEL CELL SYSTEM, which discloses a method of using carbon dioxide to actively 
draw air to the cathode face of the protonically-conductive membrane. 

However, a direct methanol fuel cell may be simplified, in accordance with the 
present invention, by being constructed without the use of pumps if, in the first instance, 
the carbon dioxide is vented out of the system without having to circulate the fuel solu- 
tion in which the carbon dioxide is contained. A schematic diagram of the invention, 
which implements a carbon dioxide separator enabling such passive selective venting of 
C02C02 is set forth in Fig. 1 A. 

The carbon dioxide is vented out of the system by a gas-permeable layer 30. In 
Fig. 2, a gas permeable, liquid impermeable layer is mechanically fastened or bonded to 
the opposite side of the anode diffusion layer. This forms a 6-layer MEA including a gas 
separator/anode diffusion layer/anode catalyst/PCM/cathode catalyst/cathode diffusion 
layer. The removal of the anodically-generated gases (C02) from the anode side of the 
MEA is accomplished by the gas permeable layer 30, preferably composed of a porous or 
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expanded PTFE that is placed in close proximity to the side of the anode diffusion layer 
is opposite to a front surface, which is in intimate contact with the anode surface 8 of the 
direct methanol fuel cell membrane 7. The resulting system self-regulates delivery of 
fuel to the anode by only allowing fuel to enter at the rate it is consumed, because the 
passive effective removal of C02 ensures that the only change in volume in the anode 
compartment is caused by the anodic, fuel consuming process. 

Fuel is delivered to the cell at a slight pressure to ensure that sufficient fuel is al- 
ways introduced to the system to completely fill the volume created by the consumption 
of fuel and release of carbon dioxide product. The gas generated in the anode compart- 
ment is driven through the gas permeable layer 30 by the differential partial pressure of 
C02 across the separator membrane. Consumption of fuel in the anode compartment will 
create a void if the product gas is effectively vented and this void is instantaneously filled 
by additional fuel from the pressurized fuel source. There is substantially no fuel exit 
from the anode compartment, so fuel can only enter the anode compartment 18 at the rate 
it is consumed, and/or lost by methanol crossover. Methanol crossover is minimized, 
however, according to this scheme for a passive DMFC system, by limiting and control- 
ling the concentration of methanol in the anode compartment through addition of fuel at 
the same rate of it's consumption. 

Fig. 3 is a top plan view of the gas permeable layer 30, into which a flow field 
channel 34 has been fashioned. The fuel mixture is added to the anode chamber and 
passes along the circuitous path of the flow field 34 along the gas permeable membrane, 
introducing fuel to the anode diffusion layer. 

As illustrated in Figs. 5 and 6, the gas permeable layer 30 is placed in close 
proximity to the diffusion layer 22, which is in intimate contact with the anode surface 8. 
A fuel inlet 50 allows for the introduction of the fuel between the gas permeable layer 30 
and the anode surface 8 of the ME A 6. Flow fields in the gas permeable layer 30 direct 
the fuel along a serpentine path to distribute the fuel across the anode diffusion layer in a 
substantially uniform manner. 

As C02 is generated in the reactions, it is drawn through the gas permeable layer 
30 and away from the membrane electrode assembly. The gas permeable layer 30 is 

11 

\\CHEETAHWOLl\CLIENTS\l 07\044\001 3\fmalpatapp.doc 02/1 9/02 4:37 PM 



PATENT 
107044-0013 

permeable to gas but impermeable to liquid such as methanol and water, and may be 
fashioned from other hydrophobic materials to substantially resist the liquids in the fuel 
solution from passing through the gas permeable layer. It may be possible to fashion the 
fuel conduit by hot pressing or milling the flow field into the C02 separation layer, 

5 which is preferably fabricated from an expanded PTFE or other gas permeable material. 
It is sealed against leakage (as illustrated schematically by the darker portion 44) such 
that only gas will travel in the direction of the arrow out of the system and fuel would 
travel in a direction perpendicular to the figure (z-axis). Alternatively, portions of the gas 
permeable layer 30 in may be treated in such a fashion that only certain areas will allow 

10 carbon dioxide to pass, causing it to be removed at these areas of the gas permeable layer 
30. It should thus be understood that removal of anodically generated gasses by the 
membrane 30, from the anode chamber 18 of the fuel cell is performed without having to 
move the fuel through a separate conduit or into a separate chamber. It is further possible 
to attach the gas permeable layer 30 to the ME A 6 mechanically or by bonding it to the 



f\ is diffusion later, forming a 6-layer MEA as shown in Fig. 2. 

a Alternatively, the gas permeable membrane may be in physical contact with the 

jjf anode diffusion layer next to the face of the PCM 7. In either case, the gas permeable 

I*. membrane is in sufficiently close proximity that the C02 that passes through the anode 

fk diffusion layer can escape before the C02 molecules are able to coalesce and form large 

20 bubbles, which could disrupt the flow of fluids in and around the fuel cell. The gas per- 
meable membrane draws the carbon dioxide gas generated in the anodic reaction away 
from the anode surface. Those skilled in the art will recognize that a gas permeable layer 
will not only allow carbon dioxide to be released, but may allow atmospheric oxygen to 
enter into the anode compartment of the fuel cell. If oxygen does enter the anode cham- 
25 ber, it will diminish the power output of the cell, and adversely affect the performance of 
the DMFC system. However, this problem may be addressed by utilizing a gas selective 
material such as Teflon AF tubing, available from Biogeneral Inc. which preferentially 
allows carbon dioxide, but significantly less so for oxygen, to pass through it, thus limit- 
ing the amount of oxygen being introduced to the system while still allowing carbon di- 
30 oxide to be removed from the system. It may further be possible to cause the carbon di- 
oxide to travel to the ambient environment via a tortuous path once it has been eliminated 
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from the fuel cell, thus creating a "blanket" of carbon dioxide that will substantially pre- 
vent oxygen from passing into the anode chamber. The formation of a "blanket" of car- 
bon dioxide is further assisted by the fact that a higher C02 pressure inside the anode 
chamber than the atmospheric pressure drives the C02 flux leaving the anode chamber. 
Other methods, including the use of passive valves and other mechanical apparatus may 
be used to limit the flow of oxygen into the anode chamber. In any event any associated 
losses due to the limited introduction of oxygen are very likely to be less than those 
caused by the parasitic power drain of flow control apparatuses. 

In accordance with another aspect of the invention, the water generated in the ca- 
thodic reaction is evaporated into the atmosphere, or otherwise removed. Thus, there is 
no need for additional components for recirculating water. In this manner, a passive sys- 
tem is provided in which fuel is added as it is consumed by a volume replacement 
method. This provides a simple system that would exhibit increased net power provided 
to the load due to lower parasitic losses. Referring to Fig. 6, another aspect of the inven- 
tion is schematically illustrated in which a second fuel inlet 60 can be included at a dif- 
ferent port in the membrane electrode assembly, to allow a second fuel concentration to 
be introduced into the system. For example, having two fuel inlets into the anode cham- 
ber 1 8 would allow a high methanol concentration (or pure methanol) fuel to be delivered 
by the first inlet 50, for example, and a low methanol concentration (or water) fuel to be 
delivered by the second port 60. Each inlet could independently deliver methanol or wa- 
ter (aqueous solutions of varying concentrations) in such a manner that fuel concentration 
could be controlled by switching between the high and low concentration fuels. A feed- 
back mechanism for the valves may be cell temperature, methanol concentration, cell 
voltage, cell current and cell power output or other means desired in a particular applica- 
tion. In Figure 6, the fuel inlets are shown located on opposite aspects of the fuel cell 
system, however they may be placed in close proximity to one another as well. 

The designs illustrated in Figs. 5 and 6 enable a fully functional DMFC to be 
fabricated with few, if any pumps. This is particularly important with respect to hand 
held devices, as noted herein, because in such a device, even a small pump can lead to a 
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significant parasitic power loss associated with operation of each pump. It also enables a 
functional DMFC to be built that does not require fuel recirculation, cathode water col- 
lection, or internal circulation of reactants and byproducts, each of which is a compara- 
tively complicated and inefficient operation. This design enables a very compact DMFC 
system to be constructed which in turn produces high system volumetric power density 
and minimal parasitic power losses and enables a DMFC with fewer active control 
mechanisms, thus reducing the complexity and expense of the DMFC system. 

In another embodiment of the invention, a typical diffusion layer is used to fabri- 
cate the DMFC, but the anode chamber is fabricated with at least one surface using a gas 
permeable material. Two examples of this aspect of the invention are set forth in Fig. 6A 
and 6B. In Figs. 6A-6B the gas permeable layer areas are illustrated as windows 62 and 
64 in Fig. 6a, and as portholes 65 through 68 in Fig. 6B. These gas permeable portions 
allow gaseous carbon dioxide to be removed from the fuel cell. If this embodiment of the 
invention is implemented, then more typical MEA assemblies may be utilized in the fab- 
rication of the DMFC and DMFC system. 

In addition, it is possible to apply a catalyst to the gas permeable material, to en- 
sure that any methanol vapor that passes through the gas permeable material will be oxi- 
dized upon exposure to oxygen present in the ambient environment. 

It should be noted that for purposes of clarity of illustration, Figs. 6A and 6B 
show the gas permeable membrane sections on one side of the anode chamber. It should 
be understood that gas permeable surfaces, windows or other shapes, can be configured 
on any aspect of the anode chamber, or on multiple aspects (or sides) of the chamber, 
while remaining within the scope of the present invention. 

Referring now to Figs. 7A through 10, another aspect of the invention will be de- 
scribed. Fig. 7 illustrates a fuel container and delivery assembly 700, which may be used 
in the system of Fig. 1 (in which the component is labeled as fuel container and delivery 
assembly 4). The fuel container and delivery assembly 700 has an exterior housing 702. 
The exterior housing 702 may be a substantially rigid cartridge. The cartridge 702 may 
be inserted into an external fuel delivery apparatus, or an internal reservoir within the 
system. The cartridge 702 encloses two collapsible containers, the first container 704, 
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being a container for a fuel solution. This may be MeOH in the form of pure methanol or 
a concentrated aqueous methanol solution ("methanol"). A second collapsible fuel con- 
tainer 706 preferably holds water or a dilute aqueous methanol solution ("water"). The 
fuel container 704 has a conduit 710, which leads out of the housing 702 toward the fuel 
cell system, which system is illustrated schematically by line 720. The second container, 
which is the water container 706, has a conduit 722 that leads towards the system 720. 

An interface 730 is a leakproof seal that is suitably located between the fuel con- 
tainer and delivery assembly and the fuel cell system. It may be a mechanical coupling 
or an elastomeric seal that is impermeable to both liquids and gasses, so that methanol 
solution and water will feed into the fuel cell system without leakage or waste. In accor- 
dance with an alternative aspect of the invention, the fuel container and delivery assem- 
bly 700 has an outer housing 702 (which houses the fuel container 704 and the water 
container 706) and in this case the interface 730 is located within the direct methanol fuel 
cell system (Fig. 7B). 

As will be understood by those skilled in the art, it is desirable to mix the metha- 
nol or methanol solution with water in order to adjust the concentration of fuel delivered 
to the fuel cell. In some instances, a high concentration of fuel (or a pure methanol) may 
be needed to start up a system, or satisfy high power demands. A lower concentration 
fuel might be needed to continuously power a system or to provide power for critical, low 
power functions such as maintaining non-volatile data in a personal digital assistant, 
while a system is powered down, similar to the functionality provided by a battery- 
backed NVRAM. 

In the embodiments of Figs. 7A and 7B, methanol and water are introduced into 
the system via separate conduits 710 and 722. Mixing is performed in one of a number of 
ways, such as that shown in Fig. 7A in which the methanol conduit 710 is routed into the 
water conduit 722 to mix the two substances in a single conduit 740. As an alternative, 
as illustrated in Fig. 7B, the water conduit 722 is routed into the methanol conduit 710. 
The flow of the components of the fuel can be controlled by metering valves, such as the 
valve 748. The combined conduit 740 then leads to the flow field plate and diffusion 
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layer (or gas permeable layer) as previously described herein in the anode portion 18 of 
the fuel cell (Fig. 5). 

Another aspect of the invention is illustrated in Fig. 8. Fig. 8 shows a fuel deliv- 
ery assembly 800, which has an outer housing 802 enclosing a methanol or methanol in 
solution container 804 and a water container 806. A conduit 810 leads from the methanol 
solution container 804. A conduit 822 leads from the water container 806. An interface 
830 provides a leakproof link for the two conduits into the fuel cell system 820. 

The conduits 810 and 822 are valved and appropriate amounts, as adjusted for the 
desired methanol concentration, are introduced into a mixing chamber 850. Once mixed, 
the aqueous fuel solution is valved at valve 856 to the fuel flow plate and diffusion layers 
of the anode portion of a membrane electrode assembly of a fuel cell, such as that illus- 
trated in Fig. 5. 

* As will be understood by those skilled in the art, a pump may be used to imple- 
ment the invention to ensure that a fuel mixture is available when needed. However be- 
cause pumps can add to the complexity, weight and bulk of a fuel cell system, increasing 
parasitic losses, a pressurized cartridge that includes a pressure-applying element, as de- 
scribed in a commonly-owned, presently co-pending United States Patent Application 
Serial No.: 10/041,301 filed on January 8, 2002 for a FUEL CONTAINER AND 
DELIVERY APPARATUS FOR A LIQUID FEED FUEL CELL SYSTEM is preferable. 
It is also noted that, the fuel container and delivery system need not be cartridge based, or 
even refillable. The fuel container may be contained within the system or apparatus to 
which it supplies power. Alternatively, it can be controlled as a disposable unit while re- 
maining within the scope of the present invention. 

Another aspect of this embodiment of the invention is illustrated in Figs. 9 and 10. 
A fuel container and delivery assembly 900 (Fig. 9) has an exterior housing 902 which 
encloses a methanol solution container 904 and a water container 906. The methanol 
solution flows through the methanol conduit 910, and the water flows through water con- 
duit 922. These conduits are shown in cross section in Fig. 10. The conduits include a- 
pertures along the walls thereof through which fluids can pass. The methanol passes 
through the walls of the conduit 1010 and into the anode diffusion layer 1001. In a simi- 
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lar fashion, water is dispersed to the fuel cell anode diffusion layer 1001 via openings in 
the flow channel 1012. The different liquids mix in the diffusion layer 1001 prior to be- 
ing introduced to the protonically conductive membrane 1005 (which is also in intimate 
contact with cathode diffusion layer 1008). Valves can be used to control the amounts of 
fuel and/or water that are dispersed into the respective diffusion layer. 

It should be understood that, in the embodiment illustrated in Figs. 7A through 10, 
the different components of the methanol and water fuel mixture held in fuel container 
702 and water container 706, for example, are packaged as flexible bladders under pres- 
sure. As an alternative, the containers may be rigid walled chambers, in which case the 
fuel is drawn via suction or gravity. It is again noted that those skilled in the art will rec- 
ognize that methanol may be either neat methanol or a concentrated solution of methanol 
and water. 

It is preferable that these embodiments of the invention be employed with fuel 
cell systems that do not recirculate water or fuel, and which also employ a gas permeable 
layer for the removal of carbon dioxide. 

It should be understood by those skilled in the art that the invention described 
herein provides an improved direct oxidation fuel cell which is simplified and exhibits 
fewer power losses, as it does not require the use of pumps and other recirculation com- 
ponents. It also allows adjustments to the fuel concentration, which enables fuel to be 
added only, as it is consumed. Thus, problems associated with methanol crossover and 
water carryover are reduced due to limiting the introduction of those fluids into the sys- 
tem. 

The foregoing description has been directed to specific embodiments of the in- 
vention. It will be apparent, however, that other variations and other modifications may 
be made to the described embodiments, with the attainment of some or all of the advan- 
tages of such. Therefore, it is the object of the appended claims to cover all such varia- 
tions and modifications as come within the true spirit and scope of the invention. 



What is claimed is: 



17 

WCHEETAH\VOLl\CLIENTS\107\044\0013\finalpatapp.doc 02/19/02 4:37 PM 



